Identifying associations between preschool-aged children's electronic media use and their later well-being is essential to supporting positive long-term outcomes.
Psychological and social well-being (hereinafter referred to as well-being) as a potential outcome of young children's contemporary lifestyle behaviors, particularly electronic media use, is not well investigated. A clear definition of well-being in the health behavior literature that reflects the multidimensional nature of this concept is lacking. 7 Nonetheless, well-being can be reasonably conceptualized as constituting positive and adverse psychological and social attributes and behaviors, such as emotional symptoms, prosocial behavior, self-control, and externalizing problems. Poorer levels of well-being during early childhood are associated with later outcomes, such as depression and hostile and aggressive behavior. [8] [9] [10] Conversely, good levels of well-being during early childhood may support positive behavioral, social, and academic outcomes during later childhood. 11, 12 Some evidence suggests that higher levels of electronic media use may be detrimental to well-being during early childhood. 5 However, the evidence supporting these associations is extremely limited and largely inconclusive. A particular dearth of information on dose-response associations of electronic media use with well-being exists, 5 and this information is necessary to inform targets for interventions, public health programs, and policy. Longitudinal studies are needed to identify such associations from early childhood to later childhood. The aim of this study was to investigate possible doseresponse associations of young children's electronic media use with their well-being 2 years later.
Methods

Participants
This study used data from the European IDEFICS (Identification and Prevention of Dietary-and Lifestyle-Induced Health Effects in Children and Infants) study. The IDEFICS study is a European cohort study that investigated the causes of diet-and lifestyle-related diseases and disorders in children and developed and evaluated a primary prevention program focusing on childhood obesity. The design, sampling, and baseline participant characteristics have been described previously. 13 A This study used data from participants in the control regions who were aged 2 to 6 years at baseline (n = 3604). Ethical committees at each of the 8 centers participating in the IDEFICS study provided appropriate approvals. Parents gave written informed consent, and children gave verbal assent for participation.
Measures and Data Management
Data collection procedures were available in a central survey manual, 14 and quality control checks performed at all study centers ensured standardized data collection across countries. We used a parental questionnaire that was tested for its comprehensibility, length, structure, and acceptability by parents to assess sociodemographic data and obtain parental reports of children's electronic media use. 14 Parents were requested to complete the questionnaire during study examinations or at home.
Predictor Variables
We included 4 electronic media use variables-weekday television viewing, weekend television viewing, weekday e-game/ computer use, and weekend e-game/computer use-from the baseline survey in this study as predictors. Electronic media use variables were transformed into an approximation of minutes per hour engaging in the behavior. Specifically, response categories 1 and 2, which combined represented less than 1 h/d, were transformed to 0.5 hours; response category 3 (1 to 2 h/d), to 1.5 hours; response category 4 (2-3 h/d), to 2.5 hours per day, and response category 5 (>3 h/d), to 3.5 h/d. This transformation was applied similarly for each of the 4 baseline electronic media use variables. 18 
Outcome Variables
The IDEFICS parental questionnaire included a number of items assessing aspects of children's well-being that were used to generate the outcomes at follow-up. Questions were drawn from the Emotional problems (eg, often worried, unhappy, depressed) and Peer problems (eg, rather solitary, picked on/ bullied) subscales were included and have been used in this study. In addition, 4 subscales-Self-esteem (eg, proud of self, pleased with self), Emotional well-being (eg, had fun, was scared), Family functioning (eg, felt fine at home, got on well with parents), and Social networks (eg, liked by other children, got on well with friends)-from the KINDL R (Questionnaire for Measuring Health-Related Quality of Life in Children and Adolescents-Revised Version) 21 were included in the parental questionnaire and used in this study. Items in the Peer problems and Emotional problems subscales of the Strengths and Difficulties Questionnaire were scored in accordance with published scoring instructions such that a higher score represents a less favorable outcome. 20 Children's responses can be categorized as normal, borderline, or abnormal for each of the subscales. For the purposes of analysis, each subscale was dichotomized into a healthy score (normal category) or an at-risk score (borderline and abnormal categories). Items in each of the 4 KINDL R subscales were scored according to the syntax provided on the instrument web site.
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Total scaled scores of 100 possible points were subsequently created, with higher scores representing more favorable indicators of well-being. In the absence of norms for children younger than 7 years, the 25th percentile of each scale was chosen to distinguish those children at risk of poorer well-being. That is, children with scores at or below the 25th percentile had poorer scores on each of the scales than children whose scores fell above that point. Scores were subsequently dichotomized around that threshold.
Covariates
Parents reported their child's date of birth in the baseline survey, from which the child's age was calculated. The socioeconomic position (SEP) of the family was assessed through parentreported educational level (highest educational level of both parents, classified according to the International Standard Classification of Education [ISCED] 23 ), income, unemployment, dependence on social welfare, and migration background of parents. 13 The original ISCED SEP levels 1 and 2 were categorized as low SEP; level 3, low to medium SEP; level 4, medium to high SEP; and levels 5 and 6, high SEP. Child weight was measured using an electronic scale (BC 420 SMA; Tanita Europe GmbH) to the nearest 0.1 kg, with all clothing except underwear and T-shirts removed. Height was measured using a telescopic stadiometer (Seca 225; Seca) to the nearest 0.1 cm. Body mass index was calculated as weight in kilograms divided by height in meters squared. Baseline measures of each of the 6 well-being indicators were managed in the same manner described above for those at follow-up.
Statistical Analysis
Descriptive variables (mean [SD] and odds ratio [95% confidence interval]) and statistical tests (2-tailed paired or group mean comparison t tests, as appropriate, and χ 2 test) were used to assess differences in predictor variables at baseline and outcome variables at follow-up between boys and girls. Continuous and dichotomized scales of outcome variables were used for this purpose. Descriptive analysis was undertaken using commercially available software (Stata, version 8.0; StataCorp). Associations between each of the baseline electronic media use variables and each of the follow-up wellbeing variables were assessed using different statistical software (SPSS, version 20.0; SPSS, Inc) with generalized linear mixed models. Analyses investigated whether increased electronic media use at baseline predicted increased odds of children being categorized in the at-risk category of each of the 6 well-being subscales. All models controlled for center of recruitment as a random effect. As stated, only those children from the control region(s) in each country were included in this study. The fact that Italy recruited their children from more than 1 control region was accounted for in the analysis by including Italian regions as covariate dummies in all models. In addition, child baseline body mass index and age and family SEP were included as covariates in model A. A second set of models were analyzed for each outcome variable (model B), which included all variables from model A and the baseline equivalent of the follow-up well-being scale (ie, baseline peer problems when follow-up peer problems was the outcome). All analyses were undertaken separately for boys and girls. Data are expressed as mean (SD) or percentage.
Results
The mean age of children in this sample was 4.3 (0.9) years at baseline and 6.3 (1.0) years at follow-up. Slightly more than half of the included sample (52.4%) was male. According to the criteria of Cole et al, 24 most of the children (73.5%) were a healthy weight, 13.2% were underweight, and 13.3% were overweight or obese. Two-fifths of the sample (40.9%) was from high SEP families; 9.1%, from low SEP families; 33.4%, from medium to low SEP families; and 16.6%, from medium to high SEP families. Descriptive characteristics of the included children by country and sex are presented in Table 1 .
Differences Between Boys and Girls in Predictor and Outcome Variables
Boys spent more hours in each of the electronic media behaviors at baseline than girls (weekday television, Table 2 reports the mean scores for boys and girls for each of the 6 well-being subscales in this study and the percentage of boys and girls who were classified as at risk on each of the 6 subscales. Parents of boys reported slightly increased mean scores for Peer problems than parents of girls. We found no between-sex differences for the mean scores of other indicators of well-being or for the percentages of boys and girls classified as at risk by any of the subscales. 
Discussion
This study has investigated possible dose-response associations between electronic media use during early childhood and the increased risk of poorer well-being 2 years later. Where associations were identified, they suggest that increased television/e-game/computer use was associated with a greater likelihood of being in the at-risk category for poorer well-being. The differences in associations between models while controlling and not controlling for baseline well-being enable us to identify causal pathways. These findings suggest that children with higher levels of television viewing at baseline are at increased risk for poor family functioning and that girls with higher levels of e-game/computer use are at increased risk for emotional problems. The consistency of associations between television viewing and being at risk for poor family functioning in the fully adjusted models suggests that families who view more television during their child's early years do not support children's well-being as well as other families. This lack of support may result from a lack of appropriate relationships within the family or a failure to develop them.
Investigation of associations between electronic media use and indicators of well-being during early childhood is an emerging area. Those studies that investigate such associations have used a range of instruments to capture well-being, with mixed findings. Previous studies have reported dose-response associations suggesting that electronic media use is associated with poorer outcomes for aggression, 25 attention problems, 26,27 externalizing behavior, 28 classroom engagement, 29 and emotional problems. 30 Findings from the present study therefore reinforce the adverse influence of electronic media use on children's well-being. However, previous studies have focused solely on television viewing 5 and have neglected to investigate associations with the other forms of electronic media use. ported null associations. Well-being indicators in young children may be more homogeneous than those in their older counterparts, therefore precluding some possibility of identifying contributory factors. As an alternative, greater sensitivity in existing well-being instruments may be required to detect subtle but potentially meaningful differences in wellbeing in children. With respect to electronic media use, viewing time may not be the only detrimental variable. Previous studies have found that other electronic media use characteristics, such as violent content 34 or background television, 25 are associated with children's well-being outcomes. Future research may wish to simultaneously investigate associations among viewing time, content, constancy (background television), and other characteristics of the family electronic media environment, including parental electronic media use practices such as coviewing or rules. 35, 36 Differences in findings between boys and girls have rarely been investigated, and a recent review 5 noted this as a limitation to the current literature. However, when this comparison has been undertaken, some differences are noticeable, 30, 34 as in the present study. Such differences may be owing to socialization processes within the family that have previously been shown to be evident even in young children's behaviors. 37 However, further exploration is necessary to discern the potential mechanisms of these differences. Several possible mechanisms may explain the identified associations, but little research has investigated these mechanisms. The available research focuses primarily on the adult population and outcomes such as depression. One potential mechanism that may be appropriate to investigations of the early childhood population could be associated with the minimization of social interaction. For instance, the social withdrawal hypothesis suggests that increased television viewing leads to less social interaction, which may have subsequent detrimental effects on positive well-being. 38, 39 However, because such research has not been undertaken in the early childhood population, the potential for decreased social interaction or other factors to explain the identified associations is unclear. Further, parents or siblings may participate in television viewing and other electronic media use with the young child. 35, 36 If coviewing occurs and discussion and interaction centered around the content ensues, the social withdrawal hypothesis may not be applicable. Such interaction may explain the lack of association of electronic media use with peer problems and social networks, whereas the social withdrawal hypothesis may explain identified associations with other outcomes in this study. Further studies in this area are warranted. Investigation of factors such as parental coviewing as a potential mediating factor is also necessary. Strengths and limitations of the present study must be acknowledged. The study includes a large socioeconomically diverse sample, which allows for investigation of associations separately for boys and girls. The study includes only parental reports of predictor and outcome variables, and therefore some bias may exist. An objective measure of electronic media use or inclusion of teacher or child report of well-being may lead to different findings. Nonetheless, this study includes follow-up measures of well-being, allowing for investigation of associations across time. The context in which children's participation in electronic media use occurs, such as with parents, siblings, or peers, may mediate associations between predictor and outcome variables; however, it was beyond the scope of this study to undertake such analyses. In addition, parent report of children's electronic media use is unlikely to have captured any use undertaken while the child was cared for by other adults (eg, in daycare).
Future research may wish to test the published findings from cohort studies such as this in interventions that target a reduction in electronic media use behaviors and monitor potential changes in a range of well-being indicators. Such programs would ideally be delivered to large, diverse samples so as to identify potential differences in influences on wellbeing through behaviors when the same strategies and opportunities are provided to children. Ideally, changes in behaviors and outcomes (such as well-being) would be monitored for longer rather than shorter periods.
Conclusions
Higher levels of early childhood electronic media use are associated with children being at risk for poorer outcomes with some indicators of well-being. In particular, the risk for adverse outcomes in children ranged from a 1.2-to 2.0-fold increase for emotional problems and poorer family functioning for each additional hour of television viewing or e-game/ computer use. Further research is required to identify potential mechanisms of this association.
